Abstract Israel is presently reusing about 70% of its sewage and the buildup of salts in soils has been detected in some areas of the country. Prevention of sewage salt enrichment is one of the most immediately available solutions. The discharge of brines to municipal sewers is now prohibited and they are discharged to the sea. Discharge of brines to the sea has increased from 580,000 m 3 in 1999 to more than 700,000 m 3 in 2002. These salts are thus definitively taken out of the reuse cycle, year after year. The concentration of salts in industrial effluents is presently limited by the national water law and a unique regulation limiting the Boron and Sodium content in detergents has been implemented. Israeli industry has undergone a radical change in recent years. Many factories and all the hospitals have adopted K or Ca for softening and neutralization, while others have shifted to reverse osmosis. The concentration of Cl and Na in the sewage reaching treatment plants is declining. The addition of Cl to sewage has dropped from 120 mg/l to 70 mg/l. The average Boron concentration in sewage has dropped from 0.6 mg/l to 0.3 mg/l and should reach 0.2 mg/l by 2008.
Introduction
Israel has practiced massive agricultural irrigation with treated wastewater for decades and is presently reusing about 70% of its municipal sewage. Sewage is more saline than the supplied freshwater (Table 1 ) and the salts are recycled together with the water. Salts have negative effects on crops, soil structure and groundwater, and may constitute a serious limiting factor for wastewater reuse in irrigation (Shannon and Grieve, 1999) . There was a steady increase in the concentration of salts in Israel's sewage in recent decades (Azov and Juanico, 1991) . The buildup of salts in soils and aquifers has already been detected in some areas of the country, and it is also a common problem in many irrigated areas around the world (Meron and Eren, 1985; Kijne et al., 1998) .
There are no inexpensive ways to remove the salts once they enter sewage. Government and farmers are coping with the problem by means of several parallel approaches: reduction of salt content in supplied water and/or treated effluents (Harussi et al., 2001) reduction of salt addition during industrial and residential use of water, reduction of evaporation losses during wastewater storage, use of drip and subsurface-drip irrigation methods, proper drainage of irrigated fields, discharge of the salty first-flood waters of the rainy season, soil treatment by Ca+Mg, use of salt resistant crops and other methods. Table 1 Addition of sodium to sewage in two cities of Israel in 1994*
City
Supplied water (Na mg/l) Sewage (Na mg/l) Addition (Na mg/l)
The prevention of sewage salt enrichment is one of the cheapest and most immediately available solutions, and the Ministry of the Environment has developed new initiatives to avoid sewage salt enrichment during the last decade (Weber et al., 1996) .
Main contributors to sewage salination
The main contributors to the salinity of sewage in Israel in the early nineties were detergents, household use and the water softening process (Table 2) . Meat "koshering", the textile industry, dairy food processing, pH neutralization and hospitals were also important contributors. Data from 1999 indicate that disinfection of swimming pools also contributes to sewage salination (more than 6,000 T Cl per year; Ben-Dror, 2000) .
Detergents contribute significant quantities of Sodium to sewage and they are the main contributors of Boron. A study by Fox et al. (2002) on 48 sewage treatment plant around Europe shows that there is a good agreement between the theoretical concentration of Boron in sewage (according to data on detergent consumption and detergent formula) and actual measurements. In Israel, the content of Sodium and Boron was high in "regular" powder detergents and much lower in "compact" powders and liquid detergents (Figure 1 ).
The initiatives to cope with the problem Table 3 summarizes the development and implementation of the main regulations and activities by the Ministry of the Environment to avoid sewage salination.
Brine control
To reduce the quantity of salt used in the water softening process and the consequent emission of brines into the municipal water system, the Ministry of the Environment promulgated regulations in 1994 limiting the use of salt in the regeneration of ion exchange. This was followed by regulations, promulgated in 1998, which prohibit the discharge of brines (exceeding 4 tons of Na or 6 tons of Cl per year) to water sources and to municipal sewers. To further increase efficiency and enforcement, special conditions were added to the licensing requirements of plants using ion exchange and to food and textile factories. These conditions continued to be refined and upgraded and in 2003 the government approved regulations limiting the concentration of salts in all industrial effluents.
Nine points for the discharge of brines to the sea have been commissioned along the coast of the Mediterranean Sea, Dead Sea and Gulf of Eilat (Figure 2) . Some of the discharge points are outfalls from large factories or from industrial areas in which numerous small factories are concentrated. Other discharge points are located at the outlet of the cooling system of coastal power stations, where cistern trucks can discharge brines from small factories or from large factories located far from the coast. A similar approach has been reported in the State of Florida, USA (Kimes, 1995) . All the discharges are monitored and controlled by the Ministry of the Environment and comply with the requirements of the Barcelona Convention for the Protection of the Mediterranean Sea. Recommendations to switch disinfection of swimming pools from hypochlorite, trichloride and chlorine gas to salt electrolysis.
2002
Within the framework of the business licensing law:
• Protocol on ion exchangers.
• Limitations on the use of water-based air conditioning and refrigeration.
• EC limitations to effluents from pickle factories. Today, new regulations are being drafted to prevent the introduction of domestic ion exchangers which would contribute more brines to municipal sewage, a problem which has already reached major proportions in other areas (e.g., California).
The Ministry of the Environment has encouraged the substitution of Na by K or Ca in industrial processes (softening, neutralization). It has also encouraged the substitution of softening by reverse osmosis or Elgressy EST -Electrolysis Scale Treatment, and of waterbased air conditioning by air-based technologies that do not lead to water losses by evaporation and the production of brines.
Detergent control
An unique new regulation was approved in 1999 regarding the boron, sodium and chloride content of detergents, based on the existence of appropriate technology to produce this type of detergent (Table 4 ).
The outcome of the initiatives
Israeli industry has undergone a radical change in recent years. Many factories have adopted K and Ca for softening and neutralization, while others have shifted to reverse osmosis or Elgressy EST -Electrolysis Scale Treatment, and/or from water-based air conditioning to air-based systems. All hospitals have substituted the softening technology by 2002, thus reducing the discharge of salts to sewage by another 1,000 T/year. The discharge of brines to the sea started in 1998-1999, but enforcement and compliance is a progressive process. More than 120 factories discharged brines to the sea in 2001 and this number continues to increase as enforcement is implemented. The amount of brines discharged to the sea has increased from 580,000 m 3 in 1999 to more than 700,000 m 3 in 2002, corresponding to 22,000 T and 32,000 T of salts respectively (Figure 3 ). These amounts of salts are thus definitively taken out of the reuse cycle, year after year. 
Cl ppm
Figure 4 Na and Cl measured in the sewage of Greater Tel Aviv a severe drought that led to an increase of salts in the supply water and an intrusion of sea water into pipes, but Figure 5 shows that the addition of Cl to sewage has dropped from 120 mg/l in 1992 to about 60 mg/l in 2002. Figure 6 shows that the concentration of Boron has also decreased steadily during the years, even beyond the expected forecasting. Figure 6 Boron measured in the sewage of three main cities, and forecasted national average
